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Abstract 
This paper proposes to combine HowNet and extension strategy generation method to analyze customer data in order to 
improve customer values. In view of the problems that enterprises are difficult to analyze customer big data, the paper 
shows how to combine HowNet structure to enhance extension strategy generation methods. The extension strategy 
generation system can rebuild its knowledge base structure and eliminate semantic conflicts. This will more effectively treat 
customer big data and improve customer values. The paper presents the experiment results of the extension strategy 
generation software which successfully analyze customer data and generate strategies to improve customer values. 
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1. Introduction 
The sciences like astronomy and genomics, which first experienced the explosion in the 2000s, coined the 
term “big data” [1]. Companies churn out a burgeoning volume of transactional data, capturing trillions of 
bytes of information about their customers, suppliers, and operations [2]. Big data refers to things one can do at 
a large scale that cannot be done at a smaller one, to extract new insights or create new forms of value, in ways 
that change markets, organizations, the relationship between citizens and governments, and more [1]. Many 
pioneering companies are already using big data to create value, and others need to explore how they can do the 
same if they are to compete [2]. Many organizations have stored data for years and have never attempted to 
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analyze it or look for patterns, simply because the business appetite for doing so didn’t exist [3]. In the 
meantime, some companies lack big data analysis tools so that they cannot benefit from big customers data.  
Moreover, heterogeneity, scale, timeliness, complexity, and privacy problems with big data impede progress 
at all phases of the pipeline that can create value from data [4]. The key to making big data initiatives a success 
lies within making the produced data more digestible and usable in decision making, rather than making it just 
‘more,’ resulting in the creation of an environment wherein information is used to generate real impact[5]. 
Although there are a number of successful customer data analysis tools, but we cannot just analyze data without 
trying to improve the situation. In order to build analysis tools for companies to get value from big data, we 
focus no only on information volume, variety and velocity, but also on strategy to improve customer values. 
This paper proposes to combine HowNet structure and extension strategy generation method to analyze 
customer big data. This will more effectively treat big data so that generate strategy to improve customer values. 
At the end of this paper, an example of extension strategy generation software with HowNet knowledge base is 
described to show this effort. 
2. HowNet Structure 
HowNet is an on-line common-sense knowledge base unveiling inter-conceptual relations and inter-attribute 
relations of concepts as connoting in lexicons of the Chinese and their English equivalents [6].  The philosophy 
behind HowNet lays ground on its understanding and interpretation of the objective world. The crux is: all 
matters (physical and metaphysical) are in constant motion and are ever changing in a given time and space. 
Things evolve from one state to another as recorded in the corresponding change in their attributes [6]. The 
units for manipulation and description in HowNet are thing (sub-divided into physical and mental), Part, 
Attribute, Time, Space, Attribute-value and Event. 
Every concept as an entry in HowNet has the following description items for each language: 
 
W_X= word or phrase 
G_X= the part of speech 
E_X= examples 
DEF= concept definition 
 
where X can be C or E, C stands for Chinese and E stands for English. 
For example, the concept “teach” is defined as: 
 
NO.=043868 
G_C=V 
E_C= 
W_E=teach 
G_E=V 
E_E= 
DEF=teach, education 
 
HowNet is powerful in describing relations between concepts. It describes not only the relations within the 
same categories, but also describes cross-category relations. The types of relations described by HowNet are 
mainly as follows [7]: 
 
a. super-ordinate-subordinate    
b. synonym   
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c. antonym    
d. converse 
e. part-whole (coded with pointer %, e.g. “heart”, “CPU”, etc) 
f. attribute-host (coded with pointer &, e.g. “color”, “speed”, etc) 
g. material-product (coded with pointer ?, e.g. “cloth”, “flour”, etc) 
h. agent-event (coded with pointer *, e.g. “doctor”, “employer”, etc), (may also be “experiencer” or 
“relevant”, depending on the type of event) 
i. patient-event (coded with pointer $, e.g. “patient”, “employee”, etc), (may also be “content” or 
“possession”, etc. depending on the type of event) 
j. instrument-event (coded with pointer *, e.g. “watch”, “computer”, etc) 
k. location-event (coded with pointer @, e.g. “bank”, “hospital”, “shop”, etc) 
l. time-event (coded with pointer @, e.g. “holiday”, “pregnancy”, etc) 
m. value-attribute (coded without pointer, e.g. “blue”, “slow”, etc) 
n. entity-value (coded without pointer, e.g. “dwarf”, “fool”, etc) 
o. event-role (coded with role-name, e.g. “wail”, “shopping”, “bulge”, etc) 
p. concepts related (coded with pointer #, e.g. “cereal”, “coalfield”, etc) 
 
There are three key points that HowNet grasp and reveal knowledge [8]: (1) recognized the knowledge is the 
relational system. The relations have two kinds, one is relation between the concept and the concept, the other 
one is relation between the attributes and the attributes of the concept. (2) take selected sememes and selected 
semantic relations (a total of 90) between concepts as the concept description units. Use one kind of structural 
description language to describe each concept quite fine. Sememes are the smallest unit of the most basic 
meaning, not easy to divide again. (3) use the classified system to reveal the axiom. 
Application of HowNet includes for better understanding and for sense disambiguation. Now we can use 
HowNet information structure to help to analyze big data. 
3. Extension Strategy Generation Method 
Extension strategy generation methods can generate strategy from extension information and/or knowledge 
[9]. We studied the implementation system of computers for generating strategy which is based on Extenics 
and extension methods, ESGS for short (Extension Strategy Generating System) [10]. 
The ESGS combines extension methods and the current artificial intelligence technology, database 
technology, visualization technology and object-oriented technology etc. together. According to current data, it 
makes standard data processing with basic-element representation system and establishes basic databases. 
Basic-elements (including matter-element, affair-element and relation-element) have the following structure: 
B= 
1 1
n
, ,
,n
O c v
c v
ª º« »« »« »¬ ¼
 
where O is a object, ci is the ith characteristic of the object, and  vi is the measure as to the characteristic i. 
Through the analysis of basic database and according to the rules in “rule base”, it finds incompatible 
problems and places them in “problem base”. Then it confirms material underlying problems according to 
extension reasoning rules and human-machine dialog methods, establishes “extension transformation base” 
with extension methods, generates various resolution strategies and gets the strategy superiorities with 
superiority evaluation methods, providing suitable programs for decision makers. It is a process of finding 
problems, analyzing problems and generating solution strategies with computers through imitating human 
beings, which can help decision makers to generate strategies for solving incompatible problems. 
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Main steps for establishing ESGS are as follows [10]: 
Step 1. Establish problem’s extension models, based on which make information extraction and establish 
foundation base. 
Step 2. Analyze problems and establish extension models of core problem according to problems’ goal 
requirements and conditional restrictions through human-machine interaction. 
Step 3. Extend basic-elements involved in the problems based on extension reasoning rules. 
Step 4. Generate strategies through using extension transformation and transmission rules and conjugation 
rules. 
Step 5. According to superiority evaluation methods evaluate and select the strategies. Then sort the 
strategies according to superiority and select those with higher superiority as the reference strategies for 
decision makers. 
We had designed an extension information-knowledge-strategy system for semantic interoperability [11]. 
Now we try to use extension strategy generation methods to generate strategy from big data. 
4. Combining HowNet And Extension Strategy Generation Method 
After research, we suggest that extension strategy generation method combine HowNet structure from 
several aspects.  
First, we try to use sememes in HowNet as far as possible to describe the basic-element base of ESGS. Since 
sememes in HowNet were carefully chosen, each of HowNet's 2000 sememes is unique and unambiguous. If a 
concept in basic-element base is not a Hownet sememe, then we define a new concept according to HowNet’s 
structure. 
For example, “low” is a sememe in HowNet. 
 
NO.=020865 
G_C=ADJ 
E_C= 
W_E=low 
G_E=ADJ 
E_E= 
DEF=aValue, height, low 
 
At the same time, “value” is a sememe in HowNet.  
 
NO.=042357 
G_C=N 
E_C= 
W_E=value 
G_E=N 
E_E= 
DEF=attribute, value, &entity 
 
But “low value” is not a sememe in HowNet. Therefore, we have to separate “low” and “value” in basic-
element base. 
Second, basic-elements should include relations in HowNet in order to improve their data analysis ability. 
Such as super-ordinate-subordinate, synonym, antonym, converse, part-whole, attribute-host, material-product 
relations, etc. 
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For example, “customer” is a sememe in HowNet. 
 
NO.=050490 
G_C=N 
E_C= 
W_E=customer 
G_E=N 
E_E= 
DEF=human,*buy, commercial 
 
We can describe the above “customer” by matter-element M1 as follows: 
M1=
»»
»
¼
º
««
«
¬
ª
itycom
buy
human
mod,possession
,behavier
,attribute genericcustomer,
 
A customer has many other characteristics. We may add them into matter-element M1. 
A low value customer is one type of customers. We can describe this concept by compound element M’: 
M’= 
»»
»
¼
º
««
«
¬
ª
low
low
M
,    valuepotential
, valuecurrent   
, attribute  genericcustomer,     valuelow 1
 
Therefore, if we find a low value customer from big data, we know he or she is one kind of customer with 
his or her both current value and potential value are low. 
Third, we describe not only the relationship between the concepts, but also the relationships between 
attributes and attributes of a concept. Then it is easier to form a knowledge network, supporting data analysis. 
For example, use relation-element R1 to describe the relationships between attributes and attribute of a 
concept: 
R1= 
»»
»
¼
º
««
«
¬
ª
closedegree,
loyalty brand,consequent
quantity purchase,antecedentrelation, corelative
 
The rebuilt basic-element base with HowNet information structure forms the knowledge base of ESGS. We 
store this knowledge base to support big data analysis. 
5. Case Study Software 
In order to overcome challenges in big data analysis such as heterogeneity, scale, timeliness, complexity, 
and privacy, paper [4] presents a big data analysis pipeline and shows the five steps in it: 
x data acquisition and recording 
x information extraction and cleaning 
x data integration, aggregation, and representation 
x query processing, data modeling, and analysis 
x interpretation 
We follow this guideline and design our extension strategy generation software to analyze customer data as 
a case study. 
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5.1. Customer data acquisition 
When we acquire customer data from a company, much of this data is of no interest. For example, some 
company may record customer name, age, address, telephone number, etc. We do not need this data to analyze 
customer value. In our analysis, we only need customer ID (customer number), purchase quantity, paid per unit 
of product (total paid/purchase quantity), and brand loyalty [12]. If some companies use other metadata to 
describe what data they are recorded, we have to search our basic-element base enhanced by HowNet 
knowledge to find the synonym metadata. For example, Customer number is synonymous with the client 
number.  
5.2. Customer information extraction 
Frequently, the information collected will not be in a format ready for analysis [4]. We have to pull out the 
required customer information from the company sources and express it in a structured form suitable for 
analysis. In our design, we extract customer ID, purchase quantity, and brand loyalty records and put them into 
a temper excel file. Paid per unit of product is got from total paid divided by the purchase quantity. It expresses 
the customer payment quantity. We calculate this value and put it into the excel file. 
5.3. Customer data integration 
Even for simpler analyses that depend on only one data set, there remains an important question of suitable 
database design [4]. In order to let effective large-scale data analysis to happen in a completely automated 
manner, we create effective database designs to integrate customer records in excel files. Data analysis is run 
on databases. 
5.4. Customer value analysis 
Customer value includes current value and potential value [13]. If a customer’s both current value and 
potential value are high, he or she is called a value customer. If both of which are low, he or she is called a low 
value customer. If a customer’s current value is high but potential value is low, he or she is called an inferior 
value customer. If a customer’s current value is low but potential value is high, he or she is called a potential 
value customer. 
We classify customers according to the dependent function [12]. We use simple dependent function k1(x1) 
and k2(x2) to evaluate customers paid per unit of product and purchase quantity respectively: 
lh
t
pp
pxxk 
 111 )(   (1) 
where pt is the threshold value of customers paid per unit of product. This value is decided by the company 
who analyzes customer data. Bigger then this threshold value will be regard as a high value. ph is the highest 
value of customers paid per unit of product and pl is the lowest value of customers paid per unit of product. 
They are got from the current analysis customer data set. 
lh
t
qq
qxxk 
 222 )(   (2) 
where qt is the threshold value of customers purchase quantity. It is also decided by the company who analyzes 
457 Weihua Li et al. /  Procedia Computer Science  55 ( 2015 )  451 – 460 
customer data. Bigger then this threshold value will be regard as a high value. qh is the highest value of 
customers purchase quantity and ql is the lowest value of customers purchase quantity. They are also got from 
the current analysis customer data set. 
We use discrete dependent function k3(x3) to evaluate customers brand loyalty. 
°°
°
¯
°°
°
®
­
 
 
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3
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33
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  (3) 
If a customer has excellent brand loyalty, k3(x3) = 1. 
In order to evaluate the comprehensive dependent degree [10] of a customer’s current value Kcv, we use the 
following equation: 
cv 1 1 2 20.5 ( ) 0.5 ( )K k x k x    (4) 
It means k1(x1) and k2(x2) have the same weight factor. It the company does not agree with this average 
distribution, it can modify the weight factors. 
The comprehensive dependent degree of a customer’s potential value Kpv is: 
pv 3 3( )K k x   (5) 
Now we can quantitatively classify a customer by calculate his or her Kcv and Kpv. If both of these values are 
greater than or equal to zero, such a customer is classified into a value customer. If both of these values are less 
than zero, such a customer is classified into a low value customer. If Kcv is greater than or equal to zero but Kpv 
is less than zero, such a customer is classified into an inferior value customer. If Kcv is less than zero but Kpv is 
greater than or equal to zero, such a customer is classified into a potential value customer. 
5.5. Customer value improving strategy generation 
This is our “interpretation” step. 
After customers are classified into four kinds of customers, the company with such customers may hope to 
improve its customer values. According to extension strategy generation methods, we can generate strategies 
through using extension transformation and transmission rules and conjugation rules. The so-called extension 
strategy is the extension transformation or the operation equation of the extension transformation that changes 
the Kcv and/or Kpv from less than or equal to zero to be more than zero. These mean that low value customers, 
inferior value customers, or potential value customers will be improved into value customers. Our software let 
the company who analyzes customer data input the customer value improvement percentage, at most 100%. 
If there are more than one extension strategies can improve customer values, we should sort the strategies 
according to superiority evaluation methods and select those with higher superiority as the reference strategies 
for decision makers. 
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6. Experiment Results 
There are challenges in big data analysis. Paper [4] shows some of them such as heterogeneity and 
incompleteness, scale, timeliness, privacy and human collaboration. We have done some of experiment work to 
meet these challenges and get satisfied results. 
In order to meet the challenge of heterogeneity and incompleteness, our software has to clean and correct 
errors in raw data of some companies. We use HowNet sememes to simplify the nuance and richness of natural 
language. For example, “customer ID” and “customer identification” are the synonyms. Purchase quantity is 
synonymous with purchase amount. We store these data into the identical field. 
In order to meet the challenge of scale, we use extension strategy generation method to analyze customer 
data. We use simple dependent functions and discrete dependent function to quickly classify customers’ value.  
We ask pt, the threshold value of customers paid per unit of product, from the user company. For our 
experiment test, pt is 300. In the same way, qt, the threshold value of customers purchase quantity, is 3 in our 
test. Some company regards customer brand loyalty as 1, 2, 3, 4, 5 level. We set level 3 is the “fair” level in our 
discrete dependent function. Level 1 corresponds to “poor” level and level 5 corresponds to “excellent” level. 
In this way, our computing is rather quick and can treat big data. 
In order to meet the challenge of timeliness, we design our software can run cyclically. When the customer 
data is updated every day, our software is ready for the user to run again. 
In order to meet the challenge of privacy, our software needs not customers’ private information. Our 
customer ID is only a record sequence number. 
In order to meet the challenge of human collaboration, we develop the basic databases to store knowledge 
form multiple human experts. Some part of knowledge is from HowNet, other parts of knowledge are through 
crowd-sourcing.  
Our customer data analysis software has implemented by Java technology [14] on computers. It is built on 
Web page so that users can use it on network. Some running results are shown in Fig. 1 and Fig. 2. In Fig. 1, 
we see customer ID, purchase quantity, paid per unit of product, and brand loyalty that are from the company 
database. Current value and potential value are calculated by (4) and (5). Customer type is decided by value of 
Kcv and Kpv. In Fig. 2, we see strategies that are generated by extension transformation, which can improve 
customer values. Each strategy has its superiority. Companies can choose these strategies to improve their 
customer values.  
7. Conclusion 
This paper proposes to combine HowNet and extension strategy generation method to analyze customer big 
data so that it can help enterprises to improve customer values. We take advantage of HowNet information 
structure to rebuild the knowledge base of ESGS. This enhances the semantic ability of extension strategy 
generation method to treat big data. We have done some experiment work to meet challenges in big data 
analysis. The results show that our customer data analysis software is the suitable tool for analyzing customer 
data in big data environment. Our creative work is generating strategies from big data to improve customer 
values. Enterprises can use this software to get strategies to improve their customer values. 
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Fig. 1. Customer classify results 
 
Fig. 2. Strategy and superiority results 
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